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Indian Standard 
SAMPLING INSPECTION PROCEDURES 

PART II INSPECTION BY VARIABLES FOR PERCENT DEFECTIVE 
0. FOREWORD 

0.1 Thi5 Indian Standard was adopted by the Indian Standards Institution 
on 1 October 1965, after the draft finalized by the Methods of Sampling 
Sectional Committee had been approved by tlic Structural and Metals 
Division Council. 

0.2 Part I of this standard dealing with inspection by attributes and by count 
of defects had been issued earlier with a view to facilitating the wide-spread 
use of sampling inspection in those situations where items can be classified 
as defectives or non-defectives, satisfactory or non-satisfactory. However, 
this type of inspection may require comparatively larger sample size and hence 
in certain situations like the determination of warp breaking strength oi 
cotton fabrics, it may become uneconomical due to the destructive nature or 
prohibitive cost of testing. In such cases, inspection by variables, wherein 
quality is measured on a continuous scale like tensile strength of steel wire, 
may be more useful and economical. This standard has been prepared to 
meet the growing demand for the use of sampling plans for inspection by 
variables. 

0.3 Further economy in sampling inspection may be obtained if the units in 
tiie lot are quite uniform in quality as a smaller sample may then be adequate 
to represent the lot. This uniformity may be achieved by controlling the 
quality at the production stage itself and helpful guidance may be obtained 
in this respect from IS : 397-1952*. 

0.4 Sometimes the quality characteristics can be inspected both by attributes 
and by variables, for example, the diameter of a shaft can be checked either 
by gauging or by actual measurement. In such cases, a decision has to be 
made whether inspection should be by attributes or by variables. Some of 
the important considerations which prqvide the basis for a suitable choice 
have been given in 4.2.3 of IS : 1548-1960t. However, a more detailed 
discussion of ^uch considerations is given in 3 of thb standard. 



'Method Tor statiitical quality control during production by the use of control chart 
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0.5 This standard furnishes a collection of tables from which sampling 
plans can be selected for inspection by variables. Only single sampling 
plans have been given in this stand4rd as the variables plans for double and 
multiple sampling become rather complicated for practical use. All the 
plans given in this standard require the lot quality to be specified in terms 
of percentage defective. 

0.6 This standard is one of a scries of Indian Standards relating to techniques 
of statbtical quality control. Other standards published so far in the series 
are: 

* IS : 397-1952 Method for statistical quality control during production 

by the use of control chart 

* IS : 1348-1960 Manual on basic principles of lot sampling 

IS : 2500 (Part I)-1963 Sampling inspection tables: Part I Inspec- 
tion by attributes and by count of defects 

0.7 In preparing this standard, considerable assistance has been derived 
from the following publications : 

MIL-STD-414 Military standard sampling procedures and tables for 

inspection by variables for percent defective. 1957. Department 

of Defence, USA. 
Bowker {A H) and Goode {H P). Sampling inspection by 

variables. 1952. Ed 1. McGraw-Hill Book Company, Inc, New 

York. 
Dodge (H 1''). A general procedure for sampling inspection by 

attributes based on the AQ,L concept. Technical Report No. 10. 

1959. Rutgers. The State University. 
Ireson (W G). Sampling tables for inspection by variables. Tech- 
nical Report No. 7. 1952. Applied Mathematics and Statistics 

Laboratory. Stanford University. 
Ireson (W G) and Resnikoff (G J). Sampling tables lor vari- 
ables inspection based on the range. Technical Report No. 11. 

1952. Applied Mathematics and Statistics Laboratory. Stanford 

University. 
Resnikoff (G J). A new two-sided acceptance region for sampling 

by variables. Technical Report No. 8. 1952. Applied Mathematics 

and Statistics Laboratory. Stanford University. 

0.8 In reporting the result of a test or analysis, if the final value, observed 
or calculated, is to be rounded off, it shall be done in accordance with 
IS : 2-1960t. 
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1. SCOPE 

1.1 This standard provides tables for single sampling plans for lot-by-lot 
inspection, when the inspection is done by variables. Besides, the formula; 
and the necessary tables for the construction of one's own single sampling 
plans are also given, 

2. TERNflNOLOGY AND SYMBOLS 

2.0 For the purpose of this standard, the following definitions shall apply. 
The symbols used in this standard including those for some of the terms 
defined below are explained in Appendix A. 

2.1 Sampling Inspection — Inspection in which only a portion of a lot iis 
inspected with a view to making a decision about accepting or rejecting 
the lot. 

2.2 Sampling Plan — A statement of the sampling procedure and the rule 
for making decisions about the lot. 

2.3 Itcnn — Ultimate unit of product or material on which inspection will 
be performed. 

2.4 Lot — ■ A collection of items from which a sample is drawn and inspected 
to determine its acceptability. 

2.5 Lot Sise (/V) — Number of items in a lot. 

2.6 Sample — Collection of items selected for inspection from a lot. 

2.7 Sample Size (n) — Number of items in a sample. 

2.8 Defective — An 'item' the quality of which does not meet the specified 
requirements. 

2.9 Percent Defective — Hundred times the ratio of the number of 
defectives to the total number of items. 

2.10 Single Sampling Plan — ■ A type of sampling plan in which the decision 
to accept Or reject a lot is always reached after one sample from that lot has 
been inspected. 

2.11 Mean (x) — ■ The sum of the observations divided by the number of 
observations {see also Appendix A). 

2.12 Lot Standard Deviation (a) — The square root of the mean of the 
squares of the deviation of all the observations in a lot from their mean 
(m« tdso Appendix A). 

2.13 Sample Standard Deviation («) — The square root of tiie quotient 
obtained by dividing the sum of squares of deviations of the observations 
from their mean by one less than the number of observations in the sample 
(«« also Appendix A). 
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2.14 Range (R) — The difference between the largest and the smallest 
observations or test results in a sample {see also Appendix A). 

Note I — If the sample sire is less th«n 10, the range shall be calculated for the sample 
as such. If, however, the sample size u 10 or more (in multiples of 5), the obiervationi 
shall be divided into subgroups of five each by taking them consecutively in the tune 
order aj obtained. The range of each subgroup shall then be separately determined. 

2.15 Memn Range (H) — The mean of a set of ranges calculated for sub- 
groups of five observations in the sample {see also Note 1 and Appendix A). 

2.16 Proceaa Average — The average percent defective of the products 
submitted by the producer for original inspection. (Original inspection 
is the first inspection for the particular quantity of product as distinguished 
from the inspection of products which nave been re-submitted after prior 
rejection.) 

2.17 Acceptable Quality Level (AQ^) — The maximum percent defective 
that, for the purpose ol' sampling inspection, can be considered as a satisfac- 
tory process average. 

Note 2 — When a consumer designates some specific value of AQL, he indicates to the 
producer that his (the consumer's) accepiancesamplingplan will accept the great majority 
ofthc lots that the prorfucrr submits, provided the process average level of percent defective 
in ihric luis IS not greater than the designated value of AQL. Thus, the AQL is a 
deMgiiaird value of percent defective that the consumer indicates will be accepted moit 
of the lime (approximately 89 to 95 percent in this standard). 

2.18 Lot Tolerance Percent Defective (LTPD) — The percentam: of 
(Icfeciivcs in a lot that can be tolerated in only a specified proportion of Tots. 

2.19 Prodacer'e Risk — The ri!>k (chance) of rejecting lots of quality 
equal to the specified AQL. The risk of rejecting lots of quality better than 
llie AQL will be smaller than the designated producer's risk. 

2.20 Conaumer's Risk — The risk (chance) of accepting lou of quality 
equal to the specified LTPD. The risk of accepting lots of quality worse 
than the LTPD will be smaller than the designated consumer's risk. 

3. CONSIDERATIONS FOR THE CHOICE BETWEEN THE 
ATTRIBUTES AND VARIABLES INSPECTION 

3.0 When a characteristic of an item is amenable to both attributes and 
variables tyjaes of inspection, as is the case when a dimension can be either 
gauged or measured, the following considerations would help in choosing 
the appropriate type of insfjection. 

3.1 For any desired degree of protection, lesser number of items have to be 
inspected for variables inspecdon than for attributes inspection in order 
to determine the acceptability (or otherwise) of a lot. In other words, 
for the samples of the same size, inspection by variables gfives a smaller risk 
of accepting lots of unacceptable quality than inspection by attributes. The 
variables plans would be, therefore, ordinarily more useful and economical 
in those casts where destructive or costly testing is involved. 
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3.2 The measurement of an item under the variables inspection gives much 
more information about the quality of the item than the attributes inspection. 
Thus a container of copper naphthcnate may show the copper content as 10 
percent against the specification requirement of 8-5 percent minimum. In 
case of attributes plans the container would be simply classified as satis- 
factory with respect to the copper content but the iact that the observed 
value is 1-5 percent higher than the specified minimum value will not be 
udliaced as such. The variables plans, on the other hand, use this additional 
infonnation in their acceptance criteria which are based on the mean :md 
the variation of the test results. The variables inspection would, therefore, 
yield more information about the quality of the lot than attributes 
inspection. 

3 J Inspection by attributes may to some extent be subjective in the sense 
that an item classified as defective by one inspector may be classified as 
non-defective by another or by the same at a later time. This is particularly 
so in the case of visual inspection and items of borderline quail ty. Inspec tion 
by variables, on the other hand, would require actual measurement of the 
item quality and is, therefore, more objective and minimizes the possibilities 
of inspection bias and error. 

3.4 The attributes inspection may be generally performed either visually or 
by gauging and as such the cost of inspection per item is low; on the other 
hand, inspection by measurement involves more time, labour, skill and more 
complicated tools, thereby making the inspection costlier. 

3.5 Variables inspection may require more record keeping and calculation 
by way of computation of mean, standard deviation, etc. 

3.6 Variables plans arc based on the assumption that the distribution of the 
quality characteristic is normal. Hence it is important that these plans are 
not used indiscriminately. In case the assumption of normality is in doubt, 
it is advisable to obtain the guidance of a competent statistician to ascertain 
the feasibility of application of these plans. 

4. PRELIMINAIUES TO THE SELECTION OF VARIABLES 

INSPECTION PLANS 
4.1 Formatioii of Lot* — A lot (see 2.4) should, as far as possible, consist 
of items of a single type, grade, class, size, etc, produced under relatively 
uniform conditions of manufacture by a sir%le firm so that the items in the 
lot are of uniform quality. In such a case, the size of the sample to be 
tested in the lot for a given protection would be small and inspection would 
be economical. Furthermore, a lot should, consistent with the conditions 
of homogeneity, be as large as possible so that the incidence of cost of inspec- 
tion per item a minimized. A lot can be a 'stationary lot' or a 'moving lot' 
subject to the convenience of stacking, access to each item in the lot and 
identification. Each lot shall be properly identifiable and each 'stationary 
lot' shall be presented as far as f>ossible, in such a way that the inspector 

8 
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will have easy access to all parts of the lot to select at random the items 
making up the sample. 

4.2 Types of Single Sampling Variables Plans — There are three 
types of single sampling plans available in this standard for inspection by 
variables. These arc applicable under the following three situations : 

a) Variability Known — When the variability in the lot, that b, the 
value of the lot standard deviation (a) is known beforehand either 
from the past experience, control chart data or any other means. 

b) Variability Unknown — Standard Deviation Method — When the vari- 
ability in the lot b not known and b estimated from the sample 
standard deviation {s). 

c) Variability Unknown — Range Method — When the variability in 
the lot b not known and is estimated from the sample range (i2} 
or sample mean range {R). 

Each of the above sampling plans has been treated separately for the 
following two categories : 

1) When one-sided specification limit, that is, either an upper speci- 
fication limit {U) or a lower specification limit (L) b given, 

2) When two-sided specification limits, that is, both the upper and the 
lower specification limits arc given. 

4.2.1 For the same degree of protection, the sample size b minimum 
for the variability known method and maxinium for the range method and, 
therefore, the former is most economical. Moreover, from the administra- 
tive and computational points of view the variability known plans arc 
easiest to operate as they require the calculation of mean alone, further 
computations remaining the same for all the three types of plans. The 
range plans come next as they require the calculation of both the mean 
and the range and lastly the standard deviation plans which require the 
calculations of both the mean and standard deviation, the latter being more 
cumbersome to calculate than the range. Though the variability known 
plans are the simplest to operate, the requirement of a priori knowledge 
of variability is a stringent one. 

4.3 Drawing of Samples — The sampling inspection plans included 
in the standard assume that the items constituting a sample are selected 
from the lot at random. Technically, a sample is said to have been selected 
at random if the method of selection gives the same chance to every item 
in the lot for being included in the sample. Various methods available 
for collecting a random sample including the approximation methods 
like systematic sampling with random start have been discussed in 5.3.2 
of IS : 1548-1960*. 



*Manual on basic principles of lot sampling {since rtviud). 
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5. SELECTION OF SAMPLING PLANS 

5.0 Selection of a sampling plan should be guided by the cost of inspection 
that will be incurred and the protection desired by the producer and the 
consumer. The protection provided by a sampling plan to the producer 
and the consumer is described completely by its Operating Characteristic 
Curve (OC Curve) which gives the probabilities of accepting (or rejecting) 
lots with varying percentage of defectives. The steepness of the OC Curve 
reflects the power of the sampling- plan to discriminate between good and 
bad lots; the steeper the OC Curve, the better is its power of discrimination. 
While the operating characteristic provides a complete picture of the pro- 
tection afforded by the sampling plan («< 8.3.3.1 of IS : 1548-1960*) 
in the form of a functiori or a curve, it does not give a single value of the 
measure of the protection. In view of this, the choice of a sampling plan 
is generally made with reference to certain specified points on the OC 
Curve, as for example, those associated with the Acceptable Quality Level 
(AQL), Lot Tolerance Percent Defective (LTPD), etc. The AQ.L, LTPD 
or such other values may be chosen on the basis of the previous data available 
and by an agreement between the parties concerned. A comprehensive 
set of sampling plans classified in terms of the AQ,L is given in this standard. 

Note 3 — Each of the plans selected from the tables given in this standard has its own 
OC Curve. The plans based on the variability known, variability unknown — standard 
deviation method and variability unknown — range methods corresponding to a particular 
combination of a sample si^e code letter and the AQL value have approximately the same 
OC Curve. For the variability unknown — standard deviation method, the OC Cur\c5 
are given in Appendix C. These curves would also approximately hold good for the 
corresponding plans based on known variability and range methods. They ran also be 
utilized for reading LTPD or any other desired value associated with the OC Curve. 

5.1 Classification of Sampling Plana 

5.1.1 A(IL Plans- — The comprehensive set of sampling plans classified 
in terms of AQL provided in the standard includes the following : 

a) Variability known plans (see Table 2 on P 16); 

b) Variability unknown plans, standard deviation method {see Table 3 
on P 17) ; and 

c) Variability unknown plans, range method (see Table 4 on P 18). 

5.1.1.1 The choice of a sampling plan for a particular product requires 
the decision on the quality requirements; if AQL plans are being used, 
it is necessary to choose an appropriate AQL. In selecting an AQL value 
a compromise may have to be struck between the quality desired and the 
quality attainable. If the AQL is superior to tl»c quality that cau be 
attained under usual production conditions, an excessive amount of product 
will be rejected; on the other hand, if AQL is not exacting enough, an 
excessive amount of inferior products may be accepted. The value of 
AQL may be specified by agreement between the parucs concerned, giving 

'Manual on basic principles of lot sampling {linee nviiei). 
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due wcightage, whenever pouible, to the past performance of the supplier 
of the product. Sampling plans for certain nominal values of AQL ranging 
from 010 to 100 percent are provided for in the Tables 2 to 4. When 
the specified AQL is a particular value, other than those for wliich sampling 
plans have been furnished a suitable value close to it and available in the 
tables may be chosen subject to the agreement between the {jartics concerned. 

5.1 .2 One's Own Plans — To help the construction of one's own plans, 
tables for values of facton and formulae have been given, when stipulations 
arc made in terms of AQ,L 4nd LTPD values. These are the following : 

a) Variability known plans; 

b) Variability unknown plans, standard deviation methtxl; and 

c) Variability unknown plans, range method. 
These plans have been explained in Appendix B. 

5.2 Inspccdon Level — ' In order to determine which of the sampling 
ptaiis griven in the standard are to be used in a particular case, having 
decided upon the quality requirement, it is necessary to decide upon the 
'Inspection Level'. The term 'Inspection Level' is used to designate the 
relative amount of inspection one is required to do. A higher inspection 
level means relatively more inspection and consequently lesser risk of accept- 
ing lots of quality worse than the chosen AQL. That is to say, the higlier 
the inspection level, the greater is the protection against acceptance of lov 
quality lots; but then the cost of inspection goes up. It may, therefore, 
be necessary to strike a compromise between a large sample which gives 
a reliable estimate of the lot quality and a small sample which reduces the 
inspection cost. Such a compromise can be arrived at by proper selection 
of the inspection level. 

5.2.1 Table 1 {see P 15), which is auxiliary to Tables 2, 3 and 4 gives 
five inspection levels with the sample size in code letters {see 5.2.2) 
Inspection level I calls for the smallest sample size, thereby minimizing 
the cost of inspection. Inspection level V gives relatively the largest 
sample size, thereby lessening both the risk of accepdng bad quality lots 
and rejecting good quality lots but increasing the cost of inspection. Fo; 
majority of products under normal conditions of acceptance inspection, 
a reasonable compromise between the high inspection costs and the ri-k 
involved may be achieved by taking the sample size corresponding to the 
inspection level IV. 

5.2.2 Tablfc 1 gives code letters B, C, D, to indicate the sample 

sizes under different inspecdon levels for varying tot sizes. It is in terms 
of a code letter selected from Table 1 that a plan will be selected from Tables 
2 to 4. These code letters are known as 'sample size code letters' desi^tiatinj; 
as they do a particular sample size. For example, J denotes a sample 

U 
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of 25 for standard dcviadon method {set Table 3) and 30 for range method 
{stt Table 4). 

53 Lot Acceptability — The acceptability of a lot of materials submitted 
for inspection shall be determined by using one of the sampling plans asso- 
ciated with a specified value of AQ,L. Depending upon the s{)ecification 
of one-sided or two-sided limits, the acceptability criteria for the three 
types of sampling plans would be as given in 5.3.1, 5J.2 and 5J.3. 

5.3.1 Variability Known Method 

5.3.1.1 FvT one-sided fpecificatiin limits — On the basis of the AQ,L and 
the sample size code letter chosen, the value of the sample size (n) and a 
suitable factor {k") shall be obtained from Table 2. The mean of the n test 
results shall then be calculated and the lot shall be declared as acceptable if: 

a) the value of the expression {x-\-k'o) ^ U, when the upper speci- 
fication limit (i/) is given; 

OR 

b) the value of the expression {x~-k'o)'^L, when the lower speci- 
fication limit {L) is given. 

5.3.1.2 For two-sided sptqfication limits — The lot shall be declared 
as acceptable if : 

a) the value of the expression jj — j < the maximum value specified 

below for the chosen AQ,L : 
AQ.L(7„) 010 15 0-25 0-40 65 100 1-50 2-50 400 6-50 1000 

Upper Limit ] 



'I 

r 



f g > 152 1 58 0- 165 01 75 0- 184 194 206 0-223 243 270 0-304 
U—L ' 

b) the value of the expression (S +*"(?)<(/, and 

c) the value of the expression {x—k' a)'^L. 
5.3.2 Variability Unknown — Standard Demotion Method 

5.3.2.1 For one-sided specification limits — On the basis of the AQL and 
the sample size code letter chosen, the value of the sample size (n) and a 
suitable factor {k') shall be obtained from Table 3. The mean (i) and the 
standard deviation is) shall then be calculated firom the test results and 
the lot shall be declared as acceptable if: 

a) the value of the expression {x-\-k's)^ U, when the upper speci- 
fication limit (i/) is given; 

OR 

b) the value of the expression (if— *'*)>£., when the lower speci- 
fication limit (/,) is given. 

12 
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5^^^ For twe-sidid spteijieation limits — The lot shall be declared 
as acceptable if: 

a) the value of the expression jrzj ^ *^* maximum value specified 

ia Table 5 {sm P 19) for the particular combination of the chosen 
AQ,L and the sample size code letter, 

b) the value of the expression {X-\-k's)^U, and 

c) the value of the expression (J— A:'x)>L. 

5^ J Variability Unknown — Range Mithod 

5^3.1 For one-sided sptcificalion limits — On the basis of the AQL and 
the sample size code letter chosen, the value of the sample size (n) and a 
suitable factor (/fc) shall be obtained from Table 4. The mean (J) and the 
range [R) if the sample size is less than 10, or the mean range (S) if the 
sample size is 10 or more, shall then be calculated from the test results. 
The lot shall be declared as acceptable if: 

a) the value of the expression (J+AA) or (S+ft^ < U, when the 
upper specification limit (t/) is given; 

OR 

b) the value of the expression {li—kR) or {X—kH) > L, when the 
Ic ver specification limit (L) is given, 

5 J.3.2 For two-sided specification limits — The lot shall be declared as 
icceptable if: 

R a 

a) the value of the expression jj — j or jj — j <[ the maximum value 

specified in Table 6 (see P 20) for the particular combinadoa of 
the chosen AQ,L and the sample size code letter, 

b) the value of the expression (X+kR) or {i+kH) < U, and 

c) the value of the expression {3—kR) or {X—k'R) ^ L, 

5.4 Normal, RfldBcad aad Tightened bupeedoa 

5.4.0 When the quality of the submitted lots shows significant shifb, 
it is desirable to make appropriate changes in the sampling plans, li' the 
quality deteriorates, it u necessary to tighten the inspection; if the quality 
improves, it may be desirable to relax the inspection. 

5.4.1 Normal Inspection — Inspection under a sampling plan that is in 
force for a particular product and producer is called 'Normal Inspection*. 
It may be continued as long as the quality of the product submitted is better 
than or equal to the chosen AQ^ The consistency in maintaining this 

13 
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level of quality by the producer can be ascertained either from a continuous 
record of inspection data which can be used to estimate the process average 
of the producer or from a knowledge of the proportion of the lots that arc 
not accepted. In case the quality becomes consistently better than the 
stipulated AQL, 'Reduced Inspection' may be undertaken. If, however, 
the quality becomes consistently worse than the chosen AQL, 'Tightened 
Inspection' is to be resorted to. 

5.4.2 Tightened Inspection — Inspection shall be tightened either by 
raising the inspection level, that is, by selecting a sample size code letter 
higher than the one adopted for normal insF)ection or by employing a smaller 
AQ,L. Since the former approach leads to an increased amount of insp>ec- 
tion, tightening is done by using a sampling plan with an AQL smaller 
than that used previously. 

5.4.2.1 The following criteria shall be applied for changing from normal 
to tightened inspection and vice versa: 

a) If 2 out of the 5 (or less) consecutive lots have been rejected while 
on normal inspection, change over to tightened insjjcction. 

b) If, while on tightened inspection, 5 consecutive lots have been 
accepted, change over to normal inspection. 

5.4.2.2 From the tables g^ven in this standard the choice of a plan for 
tightened inspection shall be made in the following manner : 

Retain the same sample size code letter as before but refer to an AQL 
a step lower than the AQL used for norma] inspection. For example, 
if the AQL used for normal inspection is 4 percent for the code letter 
K (in Tables 2, 3 or 4), the AQL to be used for tightened inspection shall 
be 2-5 percent for the same code letter. 

5.4.2J3 In certain cases such tightened inspection may lead to an 
increase in the size of the sample. For example, if an AQL of 065 percent 
has been used for normal inspection for the sample size code letter D, the 
AQL and the code letter to be used for tightened inspection shall be 40 
and E respectively. 

5.4.3 Reduced Inspection — If the quality of the submitted lots is consistently 
better than the AQL chosen, reduced insj)ection may be resorted to either 
by selecting lower sample size code letter than the one used for normal 
inspection or by relaxing the AQL. Since the former approach leads 
to economies in inspection it is preferable, unless there is an agreement 
to the contrary, to reduce inspection by changing over to a plan with a 
lower sample size code letter than the one adopted for normal inspection. 

5.4.3.1 The following criteria may be applied for changing over from 
normal to reduced inspwction and vice versa : 

a) If none out of 10 consecutive lots has been rejected while on normal 
inspection, change over to reduced ins|}ection. 

14 
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b) If a lot is rejected, and if at the same time the rejected lot is preceded 
by less than 10 lots accepted on reduced inspection, changeover 
to normal inspection. 

5.4.3.2 From the tables given in this standard, the choice of a plan 
for reduced inspection may be made in the following manner : 

Retain the same AQ,L as before but refer to the sample size code 
letter one step lower than that used for normal inspection. For example, 
if the code letter used for normal inspection is J with an AQ,L of 25 
percent (in Tables 2, 3 or 4), then the code letter to be used for reduced 
inspection may be H for the same AQ,L. 

5.4.3.3 In certain cases suitable plans for reduced inspection given 
in 5.4.3.2 may not be available. Reduced inspection may then be 
resorted to by choosing the sample size code letter one step lower and the 
AQ,L one step higher than that used for normal inspection. For example, 
if the code letter D and the AQ,L of 65 percent have been used for normal 
inspection, then the code letter and AQL to be used for reduced inspection 
may be C and 1 percent respectively. 

6. TABLES AND ILLUSTRATIVE EXAMPLES 



TABLE 1 SAMPLE SIZE CODE LETTERS BY INSPECTION LEVELS AND 

SIZES OF LOTS 

(CUua 5.2.1 and 5.2.2, and ExampUt 1, 2, 3 anj 4) 

Lot Size Inipection Levku 
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III 


IV 


V ' 
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Let ten) 
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9 .. 
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B 
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D 


J6 „ 


25 
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E 


26 „ 


50 
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B 


B 


D 


F 


5t ., 


too 


B 
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Exan^ I : 

The specified minimum yield point for certain steel castings is 400 
kg/nun*. Suppose lots containing 400 items are submitted for inspectioa. 
A single sampling variables plan with inspection level III and an AQL 
of 2-5 percent is adopted for the purpose of inspection. Suppose the vari- 
ability (a) is known to be 10 kg/mm*. 

Reference to Table I then gives the sample size code letter F corresponding 
to which Table 2 shows the sample size 5 and factor k' equal to 1 -39. 

From the lot, 5 castings shall then be selected at random and their yield 
points determined. Suppose the yield points for the 5 castings are 42- 1, 
39 9, 40 7, 43 2 and 42 6. 

The mean (£) is then found to be 41 -7. 

Also, the value of the expression (X—k'a) ccmea out lo be 41 -7— 1 -39 x 10 
=40-51. Since this value is greater than the lower specification limit 
of 400, the lot shall be accepted. 

The LTPD value associated with the above plan as read from Fig. 8 
(m* P 36) is obtained as 22 percent (with the probability of acceptance 
being 10 percent). 

ExampU 2 : 

i) The specified maximum resistance of a certain electrical component 
is 660 ohms. Sup()ose lots containing 150 components are submitted for 
inspection. If it is agreed to use inspection level IV, an AQL of one percent 
and single sampling variables plans for variability unknown (standard 
deviation method), then reference to Tables 1 and 3 gives the sample size 
10 and the factor it' equal to 1-72. 

Suppose the resistances (in ohms) of the 10 components selected at random 
from the lot are 639, 640, 650, 647, 662, 637. 652, 643. 657 and 649. 



Then 1=647 6, and 



= v/^ 



-647-6)«+ (640-647-6) «+ -f (649-647 6)« 

9 



= VeS 38=8 09 

The value of the expression (i+A'j)=647 6 + l 72x8 09=661 o. Since 
this value is greater than the maximum specification limit of 660 ohms, 
the lot shall be rejected. 

ii) In the above example, if it is intcnc'-rd to use the single sampling 
variables plan for variability unknown (range method), then reference to 
Tables 1 and 4 gives the sample size as 10 and factor k equal to 0-703. 
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Taking the above values of sample results, it is found that : 

i=6476 

Range of first 5 results =662- 639 =?3 

Range of last 5 results =657— 637=20 

n*2 _L.9A 

Hence mean range (S) = — ^ =21 5 

The value of expression (X+*R)=647 6+0 703x21 5=662 7. Since 
this value is greater than the maximum specihcation limit of 660 ohms, 
the lot shall be rejected. 

The LTPD value associated writh the above plans can be read from Fig. 6 
(see P 34). Thus lots containing approximately 19-5 percent defectives 
would be accepted only 5 percent of the times by the above plans. 

Example 3 : 

The specified hardness range for certain types of spanners is 40 to 50 
HRC. Lots containing 2 000 spanners are submitted for insf>ection. A 
single sampling variables plan with inspection level V and an AQ,L of 40 
percent is adopted. Suppose the variability (a) is known to be 2'5 HRC. 

Reference to Tables 1 and 2 gives the sample size as 20 and the factor 
k' equal to 1 -38. The upper limit for — — j is obtained as 243 from the 
values under 5.3.1. 2> 

Applying the first condition given in 5.3.1 .2, we have the following : 

2'5 
77 — T~ vt—dn =^'25 which is more than the permissible upper limit 

of 0-243. Hence the lot is rejected straightway without drawing the 20 
items for sample inspection. 

ExampU 4: 

i) The specified melting range for a certain type of wax is 60° to 70°C. 
Lois containing 200 containers are submitted for inspection. A single 
sampling variables plan with variability unknown (standard deviation 
method) with inspection level IV and an AQL of 25 percent is adopted. 

References to Tables I, 3 and 5 give the sample size 15, the factor^' equal 

to 1 -47 ioA the upper limit for ..._ . equal to 0-284. 

Suppose the melting points for the material in 15 containers selected 
at random are: 

63 5, 660, 65-0, 68 5, 69 5, 66 5, 67 0, 62 5, 66 0, 67 5, 64 0, 69 0, 70 0, 
66 0, 66 5 
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997.5 
Then compute mean (X')— — j-p— =66-5 

and c=. / (635-66-5)»+ +(66-5-66-5r« 



=v^ 



^I^=v'4786-2I9 



s 2 19 

Applying the first condition given in 5.3.2.2, ,,_. = -jTr =0 219 which 

is less than the permissible limit of 0-284. 

Applying the second and third conditions, (a -f-11'.t) =66-5 + 1 47x2 19 = 
69-7 is less than the .Tiaximum specification limit, 

and (x— A'j)=66 5— 147x2 19=63 3 is more than the minimum speci- 
fication limit. 

Hence the lot shall be accepted. 

ii) In the above example, if it is intended to use the single sampling 
variables plan for variability unknown (range method), then reference to 
Tables 1, 4 and 6 gives the sample size 15, the factor k equal to 0610 and 

upper limit for j^ — y equal to 688. 

Taking the above values of sample results, we obtain. 
Mean (i) = 66-5 

Range of firet 5 test results=69 5—63 5=6 

Range of next 5 test results =67-5— 62-5 =50 

Range of last 5 test rcsults = 70 0-64 0=6 

u /B\ 60+5-0 + 6 , _ 
Hence mean range {R) = = =5 7 

R 5-7 
Applying the first condition given in 5.3.3.2, jz — j ==-77> =0-57 which is 

less than the permissible limit of 0688. 

Applying the second and third conditions, 

i+A]5'=66-5+0 610x5 7 = 70 is equal to the maximum specification 
limit, 

and J— itS=66-5— 0-610x5 7=630 is greater than the minimum 
specification limit. 

Hence the lot shall be accepted. 

2S 



IS t 2300 (Par* n)-I9C5 

APPENDIX A 

{Clauses 2.M, 2.12, 2.13, 2.14 anrf 2.15) 
SYMBOLS 

X' mean; if X|, x^, x, are the n measurements of the item in a 

sample, then x ,«: *»T*« "^*" 

o lot standard deviation; if Xj, x,, xjif are the JV meaiureihents 

of items in a lot and x is the corresponding mean, then : 



.^, A'i-X)*+.... + {xM-X)* /(xt«+ +xV)-A^ 

V _y V ;v^ 

sample standard deviation; ifxi, x„ , x„ are the n measure- 

ments of items in the sample, then : 



V (^JZH) V „_1 

A range; if X|, x, x„ are the n measurements of items in a 

sample, arranged in the ascending order of magnitude, then : 

/?=x,-x, 

R mean range; if R^, R, R„ are the ranges of m sub'groups 

of five observations each (so that sample size n=5 m), then: 

^_ ^i+^t ^m 

m 

k coefficient of A or i? in the acceptance/rejection criterion for single 
sampling plans by variables with variability unknown (range 
method). 

Jk' coefficient of j in the acceptance/rejection criterimi for single sampling 
plans by variables with variability unknown (standard deviadon 
method). 

k' coefficient of a in the acceptance/rejection criterion for tingle 
sampling plans by variables with variability known. 

U upper specification limit. 

L lower specification limit. 

< less than or equal to. 

> greater than or equal to. 
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APPENDIX B 

(Clause 5.1.2) 

FORMULA AND TABLES FOR CONSTRUGTINO SINGLE 

SAMPLING AOL-LTPD VARIABLES PLANS FOR 

ON&SIDEO SPECIFICATION UMTTS 

B-0. STIPULATIONS OF THE PLANS (VALUES TO BE GIVEN) 

p\ =B acceptable quality level (AQ,L) expressed as firaction defective 
p\ = lot tolerance percent defective (LTPO) as firaction defective 

< s producer's risk (fraction) 

P = consumer's risk (fraction) 
L or £/=lowcf or upper specification limit for item quality 

It is desired to construct single sampling variables plans such that lots 
with/'i firaction defective would be accepted (I— <) times, and lots with 
p't fracdon defective will be rejected (1 —JS) times. From ^'j, p\, < and p 
read the corresponding ( values, namely : 

/ , / ,1 and t from Table 7 
Pi P't < fi 

where t, is the normal deviate exceeded with probability x. 

B-1. VARIABILITY KNOWN METHOD 

B-1.1 The acceptance criterion for this method is given as before by 
(5!-f ifc'ffX U or (*— ifc'a)> L where the sample sise (n) and if have to 
be fotind out. The values of n and if which determine the desired sampling 
plan uniquely are given by the following formulae : 



ypl-'pj 
t 

k'aat * 

a' r= 

^1 Vn 



B-2. VARIABIUTY UNKNOWN — STANDARD DEVIATION 
METHOD 

B-2.1 The acceptance criterion for this method is given as before by 
(2+i'j)^£/ or (S—i's) is ^L where the sample size (n) and k' have to be 
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found out. The values oTk' and n which determine the desired sampling 
plan uniquely are given by the following formulx : 



-(m>^' 



B-3. VARIABILITY UNKNOWN — RANGE ME7 HOD 

B-3.1 The acceptance criterion for this method is given as before by 
{x+kR) or {X+kR)<U OR (x-kR) or {£-kR)>L [R is to be calculated 
if the sample size is less than 10. In case the sample size is 10 or more, 
R, based on the sub-^oups of five samples each, is to be calculated]. The 
values of A and n which determine the desired ?ampling plan uniquely are 
obtained as given in RJ.l.I. 

B-3.1 .1 The values of n and k' are first obtained by using the formulae 
given under B-2* In case n comes out to be less than or equal to 9, A is 
determined from k—Dk' where the values of D are pven below for the 
various sample sizes : 



U Sizi, ft 


Valutso/D 


2 


886 2 


3 


590 8 


4 


485 7 


5 


429 9 


6 


394 6 


7 


0-369 8 


8 


351 2 


9 


336 7 



If, however, the value of n exceeds 9 and u not » multiple of 5, it shall 
be raised to the first higher number which is a multiple ^f 5 and then k 
is determined from it =0 429 9 k'. 
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APPENDIX G 

{NoU 3 under Clause 5.0) 
THE OPERATING GHARACTERISTIG CURVES 

C>1. Figures 1 to 1 1 {st* P 29-39) give the complete set of operating charmc- 
terisdc curves for the sampling plans based on variability unknown — 
standard deviation method as given in this standard. These curves are 
obtained by plotting the 'percent of lots expected to be accepted' against 
'percent defectives in subnutted lots'. The curves given would also approxi- 
mately hold good for the plans pertaining to the variability luiown and range 
methods with the same sample size code letter. 

C>2. For any specified value of the acceptable quality level he* 2.17), 
all the OG Curves obtained for the different sample size code letters are 

fiven in the same figure. Thus, there are 1 1 figures corresponding to the 
1 values of AQJ^ from 0-10 to 10-00 percent specified in the standard. 
The sample size code letter corresponding to any plan has been indicated 
on the relevamt OC Curves in each of the figures g^ven. 

C-3. For any percent defective, the percentage of lots expected to be accepted 
may be read firom the OC Curve corresponding to the chosen sampling 
plan. As an esaxaplc, for a plan with the sample size code letter L 
and AQ^ of 2-5 percent, the relevant OC Curve is given in Fig. 8. It may 
then be seen from this OG Ciuve that 8 percent defective lots would be 
accepted in about 27 percent of the cases for the plan under consideration. 
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BUREAU OF INDIAN STANDARDS 

Mwok Bhavan, 9 Bahadur Shah Zaiv Marg, NEW DELHI 110002 

Talaphonas: 323 0131, 323 3375, 323 9402 

Fax : 91 11 3234062, 91 11 3239399, 91 11 3239382 

Talagrams : Manaksantiha 
(Common to all Otllcas) 

Cantra/ Labofwfofy; 

Plot No. 20/9, Sit* IV, Sahibetod Industrial Araa, SAHIBABAO 201010 
Regional Ottletm: 

Cantral : Manak Bhavan. 9 Bahadur Shah Zaiai Marg. NEW DELHI 110002 
•Eaitarn ; 1/14 CIT Schama VII M, VI. P. Road, Manlktola, CALCUTTA 700054 
Northarn : SCO 335-336, Sactor 34-A, CHANDIGARH 160022 
Southarn : Cl.T Campus, IV Cross Road, CHENNAI 600113 
tWastarn : Manakalaya, E9 Bahtnd Maroi TalaphofM Exchanga, Ar>dh«rl (East), 
MUMBAI 400093 

Branch Oftharn: 

Pushpak', Nurmohamad Shaikh Marg. Khanpur, AHMEDABAO 380001 
IPaanya Industrial Araa, 1st Staga. Bangalora - tUmkur Road, 

BANGALORE 560056 
Qangotrl Complax, 5th Floor, Bhadbhada Road, T T Nagar, BHOPAL 462003 
Plot No. 62-63. Unit VI, Ganga Nagar, 8HUBANESHWAR 751001 
Kalatkathir Bulklngs, 670 AvinashI Road, COIMBATORE 641037 
Plot No. 43, Sactor 16 A, Mathura Road, FARIDABAO 121001 
Savitri Complax, 116 Q. T Road, QHAZ1ABA0 201001 
53/5 Ward No 29. R Q Barua Road. Sth By-lana, QUWAHATI 781003 
5-S-58C, L N Gupta Marg, Nampally Statkm Road, HYDERABAD 500001 
E-52, CWtaranlan Marg, C-Sct>ama. JAIPUR 302001 
117/418 B, Sarvodaya Nagar, KANPUR 206005 
Sath Bhawan, 2nd Floor, Bahind Laala Cinama, Naval Kishcra Road, 

LUCKNOW 226001 
PatHputra Industrial Estata. PATNA 800013 
T. C. No. 14/1421, Univarsity P O. Palayam, 

THIRUVANANTHAPURAM 695034 
NIT Bulk*ig, Saoond Fk3or. Qokulpat Markat, NAQPUR 440010 
Instttutkin of Englnaars ( Indut ) Bulking, 1332 SNva^l Nagar, PUNE 411005 



'Salas Otnca Is at 5 Chowringhaa Approach, P. O. Princap Straat, 

CALCUTTA 700072 
fSalas Offwa is at Novatty Chambers, Grant Road, MUMBAi 400007 
^Salas Offloa is at F' Bkwk, Unity Building, Narashimarc^ Squara, 

BANGALORE 560002 
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27 10 86 
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222 39 71 
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